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Introduction

In American education the expectation is virtually universal that the

adequately trained elementary school teacher will have at least some minimum

proficiency in keyboard (piano and organ) instrument skills. Music education,

particularly in the primary and intermediate grades, is usually closely inte-

grated in the instructional program, and classroom teachers are expected to

be relatively self-sufficient in supplying music experiences for their students.

Consequently, certification requirements and degree programs for elementary

teachers commonly require either specific training or demonstration of profi-

ciency in keyboard instrument skills.

The music skills required of elementary teachers are typically developed

in a music fundamentals course. While the content of these courses may vary,

commonly students are expL ted to develop familiarity with fundamental music

styles, application of music techniques to other curricular areas* familiarity

with musical games appropriate for various grade levels, instructional techniques

to be employed in developing musical skill of elementary school children and

basic competency with piano and organ keyboards.

Elementary music series boas and classroom music courses in teacher train-

ing institutions place considerable emphasis on student acquisition of

basic keyboard skills. In particular, there is the aforementioned assumption

that when the student completes these courses he will be able to use the piano

in the elementary classroom as an accompanying instrument for classroom singing

activities. The elementary series books provide full piano accompaniments for

those with the skill to use them. Chord symbols are provided for those with

lesser skills.

Teaching keyboard application of key signature recognition and of key-

board patterns to be utilized in the classroom activity by the elementary

teacher requires a considerable amount of class time in music fundamentals



2

courses. This application is usually taugiat in the following manner: (1) the

scale patterns and chord progressions in a certain key are explained and demon-

strated to each student in turn, (2) the student is then directed to practice

this skill outside of class ,end (3) the student demonstrates his acquired key-

board skill to the instructor, who checks the correctness of Lis performance.

The degree of correctness and facility is viewed as evidence of practice by

the student. An incorrect performance would indicate the need of additional

practice. This checking phase is necessarily a recurrent operation throughout

the term for with student and when this operation is multiplied by the number

of students enrolled iu class: 4 problem is immediately apparent. There is

insufficient time to do an adequate job of instruction in both course content

end in keyboard skills. Adequate instruction in one must be done at the expense

of the other.

The continuous and increasing demands for well-trained elementary school

teachers and the increasing number of students choosing this profession call

for increasing class size and pupil-teacher ratios in music fundamentals courses.

Yet, the nature of the classes with their required pupil performances call for

small class size and pupil-teacher ratios.

In addition, considerable specialized training and ability are expected

of a college music instructor, but teaching fundamental keyboard skills to naive

students requires that he spend much time listening to their performances and

evaluating their progress. The time and effort devoted to this rudimentary and

repetitious instruction is similar to that given to a young child in private

instruction. This instructional method is looked upon by most college instructors

as a necessary evil, which must be endured. It is unfortunate that a highly-

trained instructor is unable to make better use of his musical ability. It is

obvious that the feedback-giving role of the instructor in such settings is a

highly inefficient use of his time.
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Another problem is that which confronts the student. The elementary education

teacher candidate typically has had little cr no previous musical training. This

may create emotional overtones which inhibit the total learning process for

such students. As with dancing, swimming, and many other skills which must be

demonstrated in public the JOU acceptable time for learning has passed and public

demonstration of ineptitude is humiliating. Yet the nature of the learning task

requires some active performance, however inept, from him, so that he might be

given feedback regarding the quality of his performance. Private tutoring for

all students is simply not feasible. On the other hand, practice without feedback

is ineffective. When performance and feedback take place in a class setting,

the feedback is not merely informative but often threatening to the student.

In a class where the naive student is the exception, this threat may approach

dramatic proportions.

Review, of Related Research

Various studies of knowledge of performance (McPherson, Dees and Grindley,

1948; Michael and Maccoby, 1953; Ammons, 1956) have shown that students improve

in their performance when they are given knowledge of results. Michael and Maccoby

(1956) concluded that "the most important factor in influencing the amount of

learning in this experiment was the provision of knowledge of correct response

(OR)." Wolfle (1951, p. 1267) stated that "laboraZory studies are unequivocal

in emphasizing the importance of giving a subject as specific and as immediate

Information as possible concerning the outcome of his efforts."

Skinner (1954) suggested that laboratory research on behavior had a direct

bearing on the teaching process. He felt that application of research findings

could be effectively brought about by using a mechanical device. This device

was to supply the student immediately with knowledge of his correct response.

In 1961 Skinner stated that "exploratory research in schools and colleges indicates
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that what is now taught by teacher, textbook, lecture or film can be taught in

half the time with half the effort by machine."

The reports of several recent studies (Barnes, 1964; Buchanan, 1964; Carlsen,

1964; Woelflin, 1964) point to the desperate problem faced by music educators

in colleges -shich train elementary teachers. Plainly stated, the regular classroom

teachers are not trained adequately to do an effective job of teaching music.

Buchanan (1964) stated:

"The ability to play a piano.is an asset to a regular classroom
teacher, and often times it is the determining factor in
being selected for the job ....Something must and can 'oe
done to compensate tiffs ...(training)... deficiency. Just
as in science, mathematics, languages and other areas of
learning, music education must streamline and revise its
methods and procedures of instruction. Certainly this is
true of piano teaching. The purpose of such a revision is
to more effectively and more economically, from the standpoint
of time, prepare the prospective teacher to met his pianistic
needs."

Carlsen (1964) used programed instruction to develop melodic dictation ability

and concluded, "The results of the experiment clearly indicated the value of

the (method)... The potential of programed instruction appears great ... to release

the teacher for tasks which only the teacher can do." Woelflin (1964) experimented

with instrument instruction (clarinet) by program to free the teacher from tasks

which amount to supplying feedback. He found that students who received machine

instruction performed as well as those who were personally tutored. Barnes (1964)

used an instructional program to teach factual information in music and found

that the program not only "could save many hours of instructor time and student

time, but the use of the programed book could permit the teacher at the outset

of the course to assume a specific level of competence on the part of every student

in the class."

A call for help in the matter of research itself was issued by Petzold (1964)

at the Music Educators National Conference, 1963. He commented that "during

the period 1952-62, 70% of the music education dissertations listed in Dissertation



Abstracts were the relatively uncomplicated and highly popular survey studies 71
and 30% were basic or action type. Often the survey was made in desperation

and did nothing but help perpetuate the commonplace in music education research."

He stressed the need of professional team work, i.e. "the teacher must: (1) be

relieved of a portion of his teachins load in order to have sufficient time to

carry on investigative activities designed to improve the program; (2) be given

assistance in planning projects, and consultative services by trained researchers

should be available throughout the course of the projects. Such cooperation

will ... result in substantial gains toward improvement of programs and

instructional procedures."

Method

This study compare ti two inatrnetionAl modes for teaching selected piano

keyboard skills, a Teacher Mode and an Electronic Keyboard Tutor Mode. Both

instructional modes utilized tutorial techniques. The Teacher Mode employed

an experienced college music professor to monitor student performance and provide

visual and verbal feedback regarding the correctness of the performance.

The Electronic Keyboard Tutor (EKT) was specifically designed to accomplish

the monitoring-feedback tasks described above, except that it was limited to

visual feedback only. The EKT is actually a complex system of electric switches

sequenced logically through relay systems to provide monitoring and feedback

capabilities for selected scales and chord progressions. The EKT has the essential

features of the logic system of a small fixed-program computer. It was, in fact,

constructed from modular circuitry designed for computer systems. It is important

for the reader to keep in mind that, although the EKT has features similar to

those of computing machinery and is described in computer terms, it is not a

computer, nor is it in any way connected to a computer.



The circuitry system of the EKT is attached through the back of a regular

piano to the keys of the middle thice and one-half octaves. Thus the total EKT

consists of three components: (1) a circuitry system (Program Console), (2)

a regular piano, and (3) a Feedback Panel. Thr. Et" %7onfiguration is shown in

Figure 1.
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Three regular practice pianos were equipped to accomodate the EKT Mode of

instructiln. These were so equipped that when a piano key is depressed, an electric

circuit is closed which sends an impulse to the Program Console for evaluation.

This resultant evaluation is then indicated In the form of a flashed light on

a Feedback Panel located above the music rack on the piano. The evaluation is

based on two consecutive questions. They are: (1) Is a note being played?,

and (2) Is the note correct? A "Yes" answer to the first question is followed

by evaluation and instant feedback is given to the student on the Feedback Panel.

A "Yes" answer to the second question triggers a "Proceed" light and advances

the tracking light to the next step of the scale. A "No" answer to the second

question triggers a "Replay" light and the tracking light remains at the position

of the error.

Students may change their practice from scales to chord progressions by

turning the appropriate switch on the program console. In the case of Triads,

the same evaluation procedure and feedback is indicated but the circuitry requires

that three keys must be depressed at once. The feedback is silent (lights) and

as patient is any teacher might be. In addition, the practice is private. If

the student becomes confused during a sequence he can press a reset pedal with

has foot. This clears the program of its memory to enable the student to start

again at the first step.

To allow for students to operate the E.K.T. by themselves the device was

constructed with durable circuitry which can withstand frequent and sometimes

unintentional hard use. A complete schematic for the EKT is provided in

Appendix A.
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Obi estizes

This research sought to determine:

1) whether students using the Electronic Keyboard Tutor demonstrate at

least as much proficiency in playing the selected scales and chord

patterns as those taught in the described conventional manner,

2) whether students using the Electronic Keyboard Tutor require eqnal or

less practice time to reach a pre-established criterion of performance

than those taught in a conventional manner,

3) the attitudes of students who used the Electronic Keyboard Tutor

toward that device,

4) if, after using the Electronic Keyboard Tutor, instructors indicate

a preference for its continued use.

Sample

Subjects were students enrolled in Music Fundamentals classes at Oregon

College of Education during the 1965-1966 school year. The Music Fundamentals

sequence consists of two courses, the first of which is a prerequisite for the

eecond. Five sections of the prerequisite: course were offered during the year

three during the Fall Quarter, and one each during the Winter and Spring Quarters.

These sections were assigned to one of the two instructional modes - three sections

(63 subjects) to the Electronic Keyboard Tutor Mode, and two sections (39 subjects)

to the conventional Teacher Mode.

During the first week of the class, students were interviewed to determine

their previous experience with the piano. Three levels of piano proficiency

were identified: Level I - those with no previous experience; Level II - t%oste

with no more than two years of piano training, all of which was obtained during

the elementary school years; and Level III - those who had received sufficient
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training to be considered somewhat proficient. The numbers of subjects at each

level for each instructional mode are shown in Table 1.

Table 1

Numbers of Subjects at the Three Proficiency Levels
for Each Instructional Mode

E.K.To Mode Teacher Mode

Level I 42 27
Level II 9 5
Level III 12 7

Total 63 39

Instruction

Total

69

14
19

102

At the beginning of the course, all subjects were informed that they would

be expected to demonstrate, individually, their ability to play scales and four-step

chord progressions in the keys of G, D, F, Bb , A, A E, E
b

and C with acceptable

tempo and regularity, by the end of the academic quarter. Concurrent with piano

training all subjects received instruction in the basic elements of musical nota-

tion, and in the theory of scales and chords.

The course was planned such that each instructor would demonstrate the scale

and chord progression for one key each week. Subjects were instructed to practice

the scale and chord progression for that key during that week of instruction.

After approximately two weeks it was noted that subjects in the EKT Mode were

not engaging in any practice. To ensure that EKT subjects would not delay practice

to the point where there was insufficient time remaining in the quarter to permit

all of them access to the three EKT's used, a more rigid practice schedule was

established. This more rigid schedule also permitted maintenance of similarity

in the two modes, thus avoiding contamination of the experiment by introduction

of dondittnna of Illinased vs. distributed practice.
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Under the modified instructional plan subjects in both modes were introduced

to scales and chord progressions in four keys during a two-week period and in

the five remaining keys during the succeeding two-week period. To ensure prac-

tice by EKT subjects, a "test" was administered over the keys covered at the

end of each two-week period. Further, each subject in F.KT Mode was assigned a

specific practice time each day for his use.

Subjects in the groups using the Electronic Keyboard Tutor did not perform

in class or receive feedback from the instructor. All practice and feedback was

accomplished through use of the device. In the regular class meetings for these

students, other areas of musicality, such as music literature, were presented.

The conventional group, during this same time, experienced an instructional

method widely used throughout the country. This consisted of each student, in

turn, performing scales and chord progressions, receiving feedback from the

instructor regarding his accuracy, and witnessing the same process enacted with

other students.

Data

Four types of data were collected during the study: practice time records,

demonstrations of piano proficiency, attitudinal information, and course instruc-

tor reactions.

Practice time cards were distributed to all subjects in both instructional

modes and also were placed on all school pianos. Teacher Mode subjects recorded

all practice time, whether spent on school or home pianos or in performance in

class. Total time spent by each student was determined. Practice time for EKT

subjects was recorded mechanically on the EKT, which Wa3 then transferred to

practice cards and returned to the instructors.

Piano proficiency was determined from instructor ratings of tape recorded

demonstrations by each subject. The tape recordings were independently evaluated
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by three judges, till members of the music faculty who knew neither the identity

nor the instructional mode of the subjects. The score assigned to each subject's

performance was the average of the three ratings given by the evaluators.

This test required subjects to play all practiced scales and chord progressions

in ascending and descending order. The evaluators then chose three scales and

three chord progressions which were scored. The total score was a weighted gum

of three subscores - accuracy, tempo, and regularity. The accuracy score was

determined by counting the number of errors noted in the performance and subtracting

this from the total possible number of correct responses, each note or chord being

a response. Tempo and regularity scores were ratings between 1 and 5 given by the

evaluator. Accuracy scores were weighted by a factor of 6, tempo scores by a factor

of 2.5 and regularity scores by a factor of 1.5.

Since all scores were composites of the three judges' ratings, determination

of interjudge reliability is not especially crucial. Interjudge reliability was,

however, determined through intraclass correlational techniques (Wine:, 1962).

These intercorrelations were coneistently high and are shown in Table 2.

Table 2

Intraclase Correlations for Scores Given by Three Judges to Random Samples

of 31 EKT Mode Subjects and 25 Teachec Node Subjects

Chords,

Accuracy Tempo Resnlarity

EKT Mode .95 .73 .80

Teacher Mode .89 .71 .81

Ascending Descending

Mousey Accuracy Tempo Regularity

EKT Mode .96 .97 .82 .34

Teacher Mode .95 .88 . 7 .81
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Results

Objective #1

"Will students using the Electronic Keyboard Tutor demonstrate as much profi

ciency in playing selected scales and chord progressions as those taught in the

conventional manner?"

An analysis of variance (ANOVA) of proficiency scores was completed and is

summarised in Table 3. The ANOVA was completed with main effects for proficiency

level and instructional mode, both of which were sized variables (Green and Tukey,

1960)

Table 3

Summary Data for ANOVA of Proficiency Scores
for Instructional Modes and All Proficiency Levels

Source of Variation Sums of Squares Mean Square F

MODE 1 319.73 319.73 3.46
LEVEL 2 820.31 410.16 4.44*
MODE X LEVEL 2 1,232.57 616.29 6.68**
WITHIN 92 8,492.94 92.31
MMNIMMON11ft 1U.WWW1111=10.101M1110
TOTAL

*p 4 .05
**p < .01

97 10,865.55

As would be anticipated, the ANOVA revealed a significant difference in

demonstrated proficiency for subjects having various degrees of proficiency upon

entering the study, i.e., those with greater entering proficiency demonstrated

greater proficiency upon completion of training regardless of the training mode

experienced. The analysis also revealed a significant interaction between entry

level and instructional mode (p < .01). This interaction is shown graphically in

Figure 2.
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Figure 2. Mean proficiency test scores of subjects having differing entry skills
im each instructional mode.

As may be seen in Figure 2, subjects in the conventional teaching situation

revealed greater proficiency at all levels after training, although the difference

in modes was not statistically significant (p > .05). The significant interaction

< .01) resulted apparently from the failure of Level III subjects in the Teacher

Mode to exhibit proportionately greater superiority to their counterparts trening

under the Electronic Keyboard Tutor Mode.

A further ANOVA was made dropping from consideration the 19 subjects who were

initially identified as having some piano proficiency (Level III). This analysis

is summarized in Table 4 and revealed (1) significant differences in instructional

modes (p < .01), and (2) significant differences in levels (p < .05).



Table 4

Summary Data for ANOVA. of Proficiency Scores for
Instructional Modes and Proficiency Levels I and II

Source of Variation d.f.

MODE
LEVEL
MODE X LEVEL
WITHIN

1

1

75

TOTAL

*p 4 .05
**p 4 .01

78

15

Sums of Squares Mean Square F

1,503.48 1,503.48 14.52**
521.00 521.00 5.03*
97.04 97.04 <1

7,767.57 103.57

IPINIMPONI1111111MI11111=1110111.111.,

9,8(./.09

These data suggest that for relatively proficient subjects either the

Electronic Keyboard Tutor or the conventional teacher Mode provides an adequate

itstructional vehicle. For the relatively naive subject, however, the conven-

tional mode appears to be superior to the Electronic Keyboard Tutor as it was

employed in this study.

The criterion test used in this study had a total possible score of 74 points.

The music faculty reviewing the behaviors required on the test in relation to

their course objectives arbitrarily defined a score of 60 as being acceptable

performance. Of the 102 subjects in the study, 43 demonstrated this level of

performance (24 in the Electronic Keyboard Tutor Mode and 19 in the Teacher Mode).

The percentage of subjects at the three levels in each mode reaching criterion

performance is shown in Table 5.



Table 5

Percent of Subjects Reaching Criterion

All Modes
Electronic

Yee board Tutor

Teacher
Mode

Level I 24 37

Level 55 80
Level III 75 71

AU Levels 38 48

32

64

74

42

16

Objective #2

"Will students using the Electronic Keyboard Tutor require equal or less

practice time to reach a criterion ox performance than those taught in the

conventional manner?"

An analysis of variance (ANOVA) of practice time was completed and is summar-

ized in Table 6. The ANOVA was again completed with main effects for practice time

and instructional mode, both of which were fixed variables.

Table 6

Summary Data for ANOVA of Practice Time
in Minutes for Instructional Modes and All Proficiency Levels

Source of Variation d.f. Sums of Squares Mean Squares

41111WINOMMIIMMI

MODE 1 4,724,925.73 4,724,925.73 105.14**
LEVEL 2 198,434.49 99,217.29 2.21
M x L 2 245,957.64 122,978.82 2.74

WITHIN 92 4,134,332.10 44,938.39

TOTAL

**p < .01

97 9,303,649.96

mer
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As indicated above, the ANOVA revealed a significant difference in practice

time between instructional modes, but not between levels. There was no significant

interaction between entry level and instructional mode. Mean practice times

(Mode X Level) are shown in Table 7.

Table 7

Mean Practice Time of Entry Levels by Instructional Mode

Instructional Mode Level I Level II Level III Total

"-
EKT Mode
Teacher Mode

ININilaw.lamm=a+.0.r....rmaram..1=mi....mommemo

86

393
73

588
55
313

78.32
536.59

Objective #3

"Will student attitudes, as measured by a Thurstone -type scale, indicate a

positive effect toward the learning of the skills in question by using the

Electronic Keyboard Tutor?"

The Thurstone-type Attitude Toward Instruction Test (see Appendix B) was

administered to all subjects who received instruction under the Electronic Keyboard

Tutor Mode. Values scores of the test ranged from a scale of 1 (positive) to

11 (negative). The measured attitudes of the total number of subjects ranged

from a high of 2.8 to a low of 8.8, with a mean of 5.9. By entry levels ale

attitudes were as follows: Level 1, 6.1; Level 2, 5.7; and Level 3, 5.8. The

attitude of the subjects was decidedly neutral, and could be considered to be

less enthusiastic toward the instructional mode than that held by the investigator.

WISfenaNallamew..0~~...*

....!



18

Objective #4

"After workin3 with the Electronic Keyboard Tutor, will teachers indicate

a preference for continuing its use or for returning to the conventional

instruction?"

Pour ataff members participated as instructors in the two instructional

modes. One member was a victim of terminal Illness and was replaced by another

member, who, as it developed, was the only member to teach in both instructional

modes. This same member declared a preference to continue using the EKT. The

other two members, because of class schedule, taught in the EKT Mode only. They

declared no preference for either the EKT or the conventional mode. Their reascas

are discussed in the next section.

Discussion and Recommendations

A characteristic common to many students in music fundamentals classes is

their reluctance to practice the piano outside of class. Under the conventional

mode of instruction, this reluctance is often overcome only through concerted

effort of the teacher. When students are under no pressure from the teacher to

practice regularly, and are free to determine their own practice schedules, the

result frequently will be irregular or perhaps even no practice. This reluctance

of students to practice was noticed by the investigator in this study and, although

no explanation is attempted here, should be kept in mind by the reader when results

of this study are considered.

Objective 11 was concerned with the actual teaching effectiveness of the EXT.

If it were affective, a student could become proficient at playing scales and chord

progressions without requiring a teacher to monitor the practice. The data showed

the Teacher Mode to be superiol; to the EKT at all three entry levels. In addition

the mean score for each level under the Teacher Mode was above the arbitrary
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criterion score. By comparison, the only entry level of the EKT Mode whose mean

score reached criterion was Level 3. These results indicate that the EKT, as

employed in this study was not as effective a training medium for the non-proficient

students as was the Teacher Mode.

The data for Objective #2 revealed that although the subjects of the Teacher

Mode were able to perform at criterion level, they did so by practicing a signifi-

cantly greater amount of time. The mean practice time for all entry levels was

decidedly less for the EKT Mode subjects. At Level 3, where both modes' subjects

reached criterion, the Teacher Mode subjects practiced approximately six times

that of the EKT Mode. The favorable difference for the EKT in practice time was

maintained at the other two entry levels, although the criterion scores favored

the Teacher Mode. The effect of more practice by the EKT subjects on their perform-

ance is a moot point. For various reasons a considerable number of subjects did

not practice on the EKT with any enthusiasm.

One reason for the lack of applied practice among the EKT Mode subjects might

be traced to the interaction between the subject and the EKT. It is possible that

the EKT failed to supply a vital item of information to the subject when it relayed

the feedback. In line with this, there is a possibility that the learning pattern

of the non-proficient student is uniquely different from that of the somewhat

proficient student.

The functions of the EKT were designed to make the feedback relatively pain-

less for the subject. Lights were used to indicate the correctness of the played

note and the position of the note within its sequence. Ii addition, the student

was given the freedom to actively "seek out" the correct fingering in the event of

an error. Apparently this built-in discovery feature of the EKT had an effect

upon some subjects which had not been anticipated. It is possible that the feed-

back of error only is insufficient for the non-proficient student. The subject

might lack sufficient confidence to search and learn by himself, More information,
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perhaps in the form of prompts, could help him achieve a satisfactory learning

experience. This consideration is given some basis by the written opinions which

were obtained from EKT Mode, Level 1, subjects following their training. They

are quoted here.

"I feel that the EKT is a waste of time for the novice. If I can't figure

out what is wrong with my play, I can only sit there and feel ridiculous. The EKT

can't talk or tell me what is wrong."

"I spent more time on the EKT just trying to get it to work than I did play-

ing on it."

Other subjects were apparently satisfied with the EKT. It is possible that

these subjects possessed the necessary quality to meet the challenge of finding

the correct play by themselves. Two other Level 1 subjects are quoted as follows.

"I feel that I learned faster on the EKT than I would have on a regular

piano."

"The EKT is able to check my work all of the time. A teacher is not."

With subjects from the same entry level expressing such extreme opinions, it

would seem that a review of the instructional mode for possible modification would

be in order, particularly in giving more consideration to what subjects need in

the way of feedback. As the EKT is now employed, the somewhat proficient student,

not the non-proficient student, is the real benefactor. This student apparently

has sufficient background which, when he receives knowledge of ar enables

him to make a corrective move without difficulty. Learning seems to take place

smoothly and efficiently. Some non-proficient students seem to have this explorative

nature and thus benefit in a similar manner. Others may be in need of additional

feedback to assure an equally effective learning situation.

The UT can be modified to supply additional information to the student other

than the evaluation of a played note and its relative position within the sequence

being practiced. The additional information might be given via numerical indicator
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plates which would indicate which fingering is necessary to correct for the regis-

tered error. Perhaps this added bit of "humanness" to the feedbaek; that is, the

prompting of the student to correct his play, will supply the necessary step to

an efficient learning pattern for this type of student. Students who do not

require this additional feedback should not be hindered by this modification.

Several indications suggest that subjects might "tune out" this extra information

and use the EKT in a manner which best fits their own methods of learnine.

If the EKT itself is not to be modified, then alteration could be made in

the instructional strategy under which it is used. This study revealed that

approximately one week of class time was gained by the instructors who used the

EKT. With this extra time, instructors could more closely monitor individual

student's progress in mastering the assigned keyboard skills. This could be

accomplished in several ways. One way could be the spot checking of students, as

they practiced on the EKT to assess their progress and help the students in the

event of some difficulty. If students are aware that the instructor cares about

What they are doing in the way of outside practice, then more practice might be

expected. During the study, the EKT Mode subjects did not receive much pressure

from the instructors to practice as the collective thinking of the research team

felt that the EKT would sell itself.

Another point of consideration in this project is the attitude of the music

department staff toward innovative devices (EKT), and their respective influence

upon the classes which they teach. Will the staff member feel a threat either

from the device itself, i.e., automation, or from being faced with its use? Will

the staff member be in agreement with the goals which the device is designed to

achieve? These questions are some of the many kinds of questions which are commonly

encountered by the initiators of any variation of a well-established method. Music

education has had, until recently, relatively few occasions for innovative instruc-

tional systems to be tested and implemented. For this reason, attention should be
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drawn to this condition in the hope that effective methods of implementation can

be established. With this end in mind, the following four-step plan for in-service

training is suggested:

Step 1. The NIT should be demonstrated for the faculty or staff members.

The objective of this demonstration would be to provide evidence

to the faculty that the EKT is effective. The staff should see

students operating the EKT, in order to get a practical view of

its operation.

Step 2. All members of the staff should be given an opportunity to study

in depth the techniques being taught and the strategies being

used to achieve them. This would permit the staff to relate the

objectives of the EKT to their own individual objectives. They

could then determine if there is any incompatibility which might

hinder effective implementation of the EKT. At this time, the

opportunity is open for those who might oppose the EKT to venti-

late their feelings by stating the reasons for their opposition.

The dissenting members and their statements should be accepted

without argument by the total staff and a means found by which

these points of variance can be resolved.

Step 3. Once the staff members are convinced of the EKT's effectiveness

and of its suitability for their purposes, they should be provided

with detailed instruction in its use.

Step 4. Only after the previous steps have been taken should the actual use

of the EXT be initiated.



23

A program as outlined above could have a decided effect upon the music educa-

tion program in higher education. The modified EKT has demonstrated its ability

to achieve considerable economy in teacher time. With the suggested modifications

students could be expected to learn the keyboard skills with much less practice

time, and with a high degree of proficiency in the absence of a teacher to monitor

and tutor their practice.
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Appendix A

Instrument Development

Materials

Mechanical construction of the device utilized pre-manufactured chassis

and cabinet materials, a Digital Equipment Corporation (Maynard, Mass.) power

supply and card cage with wire wrap terminals.

With exception of the key selector switch, all switches and non - circuitry

items such as the elapsed time meter, cable and cable connectors are standard items.

Musical Considerations

The EKT accommodated practice of single octave scales, ascending and descending,

in Major, Natural Minor, Harmonic Minor or Melodic Minor Modes. Chords in Major

or Harmonic Minor modes can be practiced as triads only or with chord root note

in the sequence of I, IV, V
7

, I.

Every note key within a scale or a chord progression is represented by

consecutively acigned numbers. These numbers do not represent tonal steps,

however. This numbering system can be demonstrated with a scale in key of C.

The note key is followed by the assigned number. C=1; C# or Dku2; D=3; D# or

Essit; E5; 11=6; 141 or 07; G# or 40=9; A=10; At or 0=11; and B=12.

Single octave scales are represented with the following enumeration:

DescendingAscending

Major 1, 3, 5, 6, 8, 10, 12, 1

Nat. Minor 1, 3, 4, 6, 8, 9, 11, 1

Hers Minor 1, 3, 4, 6, 8, 9, 12, 1

Melodic Minor 1, 3, 4, 6, 8, 10, 12, 1

10, 8, 6, 5, 3, 1

9, 8, 6, 4, 3, 1

9, 0, 6, 4, 3, 1

9, 8, 6, 4, 3, 1



The chording sequence of I, IV, V
I

and I chords is represented by:

Chords Right Band Left Hand Right Rand

I 1, 5, 8 1 1, 4, 8

IV 1, 6,.10 6 1, 6, 9

V7
12, 6, 8 8 12, 6, 8

I 1, 5, 8 1 1, 4, 8

MAJOR

26

MINOR

These patterns remain constant for every key if the described numbering

begins with the first note (name) of the key to be played. This pattern allowed

the same circuitry to be used for every musical key without costly duplication.

By merely switching the derived inputs so that the number 1 switching output

corresponds to the first note of the key, number 2 to the next note and so on,

the same set of operations was used for correct/incorrect evaluation in all keys.

System Organisation

The four major subdivisions of the EET are shown below in functional

relationship:

A short description of each of these four subdivisions follows:

Input

Input consists of aU manipulations made upon the EKT by the student. These

include the switching of the various Mode and function switches, reset (clear)

pedal, as well esti:a depressing of the piano keys themselves. Before being

applied to the ftlEfLti_ma and Control, circuitry, the piano key switching inputs

require modification to insure proper parameter valves. These modifications

also take place in the Input subdivision.
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t as

All operations act upon Input data, whether derived directly from Input

or via the Control function. These operations are logical in nature and

therefore are accomodated by electronic digital logic circuits. It is here that

key depression correctness or incorrectness is determined.

Control

Control is threefold: (1) Modes and functions which are determined by

the student via Input switches; (2) Proper sequencing via inter - connected

flip-flops and their associated decoding circuits, and (3) low level memory

(storage) via the operation section of the circuitry.

91,130t,

Output is visual. Lights are used to indicate: (i) Aipropriaterwza of

performance by means of correct (proceed) and incorrect (replay) lights. These

are actuated at he time of piano key depression; (2) Position within the

sequence hymens of lights which correspond to each step. For example, if

the third positional light is lighted, the student is to perform step three

of the sequence. If he does so correctly, that specified light will extinguish

and the next (fourth) positional light in t!e sequence will operate when he

releases the piano key(s) . If the step is performed incorrectly the position

light remains lighted until, the correct key or combination is played.

Idmis Circuitry

The 8XT utilises two major types of circuitry: (1) The electronic gate,

and (2) the bistabla multivibrator flip-flop. The function of electric gate

circuit is termed conditional, inasmuch as a true or false output state (as measured

by potential) is determined by the input state configuration. For example, the
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Digital Equipment Corporation R111 gate provides a ground output when all of

the inputs are placed at a negative potential. The 8121 gate provides a negative

output when all of the inputs are at ground potential. A function which requires

all of the inputs to be at a particular potultial, is called an "AND" function

(NAND in these cum, because the output is the opposite or inverse of the inputs).

Another function supplied by these circuits is the NOR function. In the case

of the Rill gate, whenever one or more of the inputs are at ground potential

the output is negative. The DEC R121 gate provides a negative potential whenever

one or more of the inputs are at a ground potential. By combining these gate

functions the tutoring desired is controlled by the various input-output states.

In the bistableraultiyibrator flip-flop circuit each input pulse causes

the outputs to change state. Therefore pulse #1 applied to the input produces

the followinG effects: Output 1 changes from negative to ground, and Output

2 changes from ground to negative. Pulse #2 applied to the input again will

then change the polarity of the outputs. The basic counting circuitry is established

when flip-flops are arranged to enable the Output 2 of Flip-flop 1 to furnish

input to Flip-flop 2, Output 2 of Flip-flop 2 to furnish input to Flip-flop 3,

and Output 2 of Flip-flop 3 to furnish input to Flip-flop 4.

As it is arranged, this counting circuitry retains different output configura-

tions for as many as 16 different counts, including the initial resting state.

When the outputs of the four flip-flops are applied to the decoding circuitry,

as many as 16 different states are obtained, depending on the count status of

the flip-flops. These outputs are an integral part of the determination of corrects-

nese and positional information in the ERT.
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Thu Derivation Logic Mei=

The input derivation logic circuitry operates in tle following manner: Using

C as an example; whenever Cl, C2, or C3 are depressed (see Figure 3) their outputs

go respectively to ground potential. The inputs of the derivation circuits corre-

spondingly *ill go to ground. If any or all of the inputs of a DEC 811.1 are

grounded, the output goes to a negative potential providing a negative status

at point C in Figure 5 and at * in Figure 6. The outcome is a negative potential

which occurs at the output whenever any or all of the corresponding input switches

are depressed. Whenever C1 and C2 or C2 and C3 are depressed, ground potentials

are applied at the respective inputs and a negative output is obtained at C1

or o in Figures 5 and 6. The output at C or * also goes negative when any or

all outputs are grounded.

To restate the opeiztion of the input derivation logic circuitry: Whenever

one or more piano keys of a kind are depressed, the primary derivation output

goes negative. Whenever two adjacent keys of a kind are depressed, the secondary

derivation output as well as the primary derivation output goes negative.

Sala Logic - Correct Sitoila

The scale circuitry utilizes seven gates, one being used twice, on the first

and eighth scale steps. If a decoded flip-flop state is at 0, or rest position,

and the output from switching is negative, the first gate's output goes to ground

and this ground potential is applied at point B, Figure 8, of the Chords/Scales

Switch and at the input of a 8107 inverter. The output of this inverter will

be a negative potential and is applied to point A, Figure 8) of the Chords/Scales

Switch. In the scales position, this in turn is connected to point F, Figure

10. This point is connected to both ..40 driver of the proceed light, which lights

at that time, and the inverter preceding the Schmitt trigger. When the key is

released, the Schmitt trigger fires. The flip-flop is triggered one count which
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p r o v i d e s t h e next d e c o d i n g output of T. If the second scale step of 3 is depressed

at this time the saws described function le performd the proceed light is on

and, upon release of the hay, the flip-flop is triggered one count. This function

is repeated for the entire scale.

bum& tilmitr? - Qtatk mkt ANLAuk)
Basically the incorrect circuitry asks two questions:

(1) le a key(s) being played?

(2) Is it played correctly?

Depending on the answer, (potentials) to these questions a determination

of incorrectness can beanie.

The bottom portion of rig. 9 determines if any of the 12 different notes

are being played. If so, the comsom output line goes to ground and the following

BM get* Ins" this to a negative potential. This negative potential is applies d

to one of the inputs of another dill gate. If the key being played S not correct

a4m wo utetWftww wy pot= 2 of tho muftemie--1-w 42v1V416 .11 a1 mw 1.. at n ftemat4,16

potential. The gate will than perform the NASD function, its output going to

ground. This, in turn, is inverted by a 1107 inverter and its output, which

is now at s negative potential, is applied to the replay lamp driver turning

it on, thus indicating an error. The positional light will not advance and will

indicate the point at which the error occurred.

Shst kat& -5 Slav=
La in the scale logic, if all of the inputs to the number 1-R111 gate are

at *negative potential, including the decoded flip-flop input of To, Ti, the

output line goes to ground and this potential is applied to point 0 and the input

of the 8107 inverter. The output of the inverter goes to point C of the Chords/

.
Scales Switch, which, in the chords position, is connected to point F. At point
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the same functions occur as in the Scales Mode, thereby turning on the Proceed

Lamp and when released, triggering the flip-flop to its next state. The decoding

circuitry is modified as shown in the switching diagram to provide four separate

states of which, states To and T3 are applied to the same chord gates

heritelas Circuity

The piano key switches are dspi2ted in figures 3 aid 4s Outputs from these

switches are carried on a 34 conductor cable (one for each of the 33 keys and

one for common ground.) The action of these switches wee described in previous

sections.

Multiple functions are p^rformed by the Chords/Scales Switch. First, in

the Chords position, it disables Flip-flops 3 and 4, thereby limiting the total

count capability to track the 4 chord sequence. Second, it modifies the decoding

circuits bucks that, in the Chords position, timing states T and T3 are coincident.

In the scales position, states To, T5, T7 and T8 are also coincident states.

Thltd, tae Chords/Scales Switch feeds the proper input signals to the readout

drivers and to the Schmitt Trigger Inverter.

Key selection utilizes a very large and nonstandard switch Of Centralab

Corporation manufacture. Its function can be reduced to the simple task of assigning

the numbers 1 through 12 electronically to the 12 notes, startiug with the ntme

key of the selected key. This assignation was described in reference to the

key of C. By selecting another key, this switch places the outputs of the input

derivation circuits, classified in terms of piano key names, ir, correct correspondence

with the necessary numbering of the operations circuitry.

Additional switching includes tIml Major/Minor Switch, the Triadu only/ Triads

11/Root Switch, and of course the On /Off Switch. The On/Off Switch is not depicted

and merely serves to turn power on and off.

".61111110011111111.11AUMMONIMMIIMOMMS
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Piano Key Switch outputs go to
input derivation circuitry as
indicated.

Whenever a particular key is
depressed its switch output
goes to ground potential.

As noted the switching only takes
place from C below Middle C to
G# above C and Middle C.

Figure3. Piano Key Switching
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#12 Bus
W,.re

1/4" POWei
1" x 2" Bored for 1/2" Dowel

at Several Locations

Wires Soldered to
Spring Wire

...m.../.. e. . Woo.*

01.1..11.011. 0.0 0.0410 .......,.
2 Strands Spring Wire Soldered to Copper Segments

Which are Epoxied to 1" x 2" Stringer
Polystyrene Rods Cemented to Each Key Lever

Figure 4 a. Piano Key Switch Detail: Side View
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APPENDIX C

Name

Electronic Piano Keyboard Project
Student Evaluation

46

This institution is involved in a research project which features student ute

of electronic self-instruction on a piano keyboard. One aspect of the overall

program concerns students' reactions to this kind of training.

You are asked to identify yourself on this sheet so that a more complete

statistical comparison can be made. The data from this response sheet will be

combined with the other data on a program of computer analysis. All replies will be

kept confidential and will have no bearing on your grade for the course.

INSTRI4CLIONS

Listed below are 33 statements of attitude toward self-instruction via the

electronic device, i.e., the tutor. Read each statement and decide whether or not

you agree with it. If the statement represents your attitude, circle the number of

that statement.

Please select no more than Ltyl (51 statements.

1. The tutor is a waste of time.

2. The tutor does not teach anything.

3. I would recommend that other students avoid using the tutor.

.4. Using the tutor is boring.

5. The tutor is too cumbersome to be of any value.

6. The tutor adds very little to my knowledge.

7. Those flashing lights make my jumpy.

S. The tutor distracts. me from learning the fingerings.

9. The tutor doesn't do as good a job es a human instructor.

10. Using the tutor makes me nervous.

11. It is hard for we to adjust to using the tutor.

12. I know When I make a mistake, so I don't need the tutor to flash its light at me.

13. Perhaps others might use the tutor and benefit more than I did.

14. The tutor was too impersonal.

15. I wouldn't recommend that other people use the tutor any more than I would

recommend that they practice on the regular piano.

16. It makes little difference to me whether or not I use the tutore

17. The tutor is useful to me onl, for a certain length of time.

18. I am not sure how much.the tutor taught me.



18. I am not sure how much the tutor taught me.

19. The tutor does not waste my time

20. The tutor helped me to learn the correct fingerings.

47

'210 The tutor will help people who are tone deaf.

220 While using the tutor I never felt embarrassed when I made a mistake.

23. The tutor teaches me in a way that I will remember.

24. The tutor helped me to develop "an ear for the correct tone of the notes.*

25. I was amazed that the tutor could teach me so well.

26. The tutor speeds up my practice and makes it more efficient.

27. "were I to be given a choice, I would gladly use the tutor again.

28. My music course was made more enjoyable because I used the tutor.

29. The tutor gives me help which I could not get from a human teacher.

30. Using the tutor is exciting.

31. I believe everyone should have an opportunity to use the tutor.

32. The tutor teaches the material better than a human teacher.

33. Training on the tutor is a good deal fast and effective.

raet S


